The present study was conducted to determine whether and how store-operated Ca 2ϩ entry (SOCE) in glomerular mesangial cells (MCs) was altered by high glucose (HG) and diabetes. Human MCs were treated with either normal glucose or HG for different time periods. Cyclopiazonic acid-induced SOCE was significantly greater in the MCs with 7-day HG treatment and the response was completely abolished by GSK-7975A, a selective inhibitor of store-operated Ca 2ϩ channels. Similarly, the inositol 1,4,5-trisphosphate-induced store-operated Ca 2ϩ currents were significantly enhanced in the MCs treated with HG for 7 days, and the enhanced response was abolished by both GSK-7975A and La 3ϩ . In contrast, receptor-operated Ca 2ϩ entry in MCs was significantly reduced by HG treatment. Western blotting showed that HG increased the expression levels of STIM1 and Orai1 in cultured MCs. A significant HG effect occurred at a concentration as low as 10 mM, but required a minimum of 7 days. The HG effect in cultured MCs was recapitulated in renal glomeruli/cortex of both type I and II diabetic rats. Furthermore, quantitative real-time RT-PCR revealed that a 6-day HG treatment significantly increased the mRNA expression level of STIM1. However, the expressions of STIM2 and Orai1 transcripts were not affected by HG. Taken together, these results suggest that HG/diabetes enhanced SOCE in MCs by increasing STIM1/Orai1 protein expressions. HG upregulates STIM1 by promoting its transcription but increases Orai1 protein through a posttranscriptional mechanism.
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store-operated Ca 2ϩ entry; STIM1; Orai1; mesangial cells; high glucose; diabetic nephropathy UBIQUITOUS STORE-OPERATED Ca 2ϩ entry (SOCE), Ca 2ϩ entry through store-operated Ca 2ϩ channels (SOC) driven by depletion of endoplasmic reticulum (ER) Ca 2ϩ , is critical to the primary Ca 2ϩ signaling pathway in a variety of cell types (59) . This Ca 2ϩ entry pathway plays an essential role in a wide variety of physiological functions including exocytosis, enzymatic activity, gene transcription, cell proliferation, and apoptosis (59) . Although SOCE was originally described over two decades ago (64) , its molecular mediators were unknown until recently. By high through-put RNAi screening, two protein families, STIM (45, 67) and Orai (22, 78, 87) , were identified as required components of SOCE. STIM1 is a single-pass transmembrane protein located primarily in the ER membrane and functions as an ER Ca 2ϩ sensor to sense ER luminal Ca 2ϩ concentration. Orai1 is a small plasma membrane protein and is believed to be the pore-forming unit of SOC. Upon depletion of ER Ca 2ϩ , STIM1 aggregates and translocates to ER-plasma membrane junctions, where it physically associates and subsequently activates Orai1 and causes Ca 2ϩ entry into the cytosol (12, 80) .
It is well known that Ca 2ϩ signals regulate functions of the renal microvasculature (10, 16, 18 -21, 26) . Glomerular mesangial cells (MCs) sit between glomerular capillary loops, a special part of the renal microvasculature, and maintains the structural architecture of the capillary networks. These cells play important roles in mesangial matrix homeostasis, regulation of glomerular filtration rate, and phagocytosis of apoptotic cells in the glomerulus (1, 68, 74) . MC dysfunction is closely associated with several glomerular diseases, such as diabetic nephropathy (37, 39, 69) . Like many other cell types, MC function is largely regulated by intracellular Ca 2ϩ signals and MC Ca 2ϩ homeostasis is, to a great extent, attributed to Ca 2ϩ channels in the plasma membrane (47, 74) . Over past decades, we and others have demonstrated that SOCE mediates MC Ca 2ϩ responses to a variety of circulating and locally produced hormones, such as angiotensin II (ANG II), endothelin 1, and epidermal growth factor (9, 43, 48, 55, 58) . We further demonstrated that STIM1 was required for activation of SOCE in human MCs (73) . However, the association of SOCE in MCs with diabetic nephropathy remains unknown. The aim of the present study was to determine what and how diabetes affects SOCE in MCs using cultured MCs in combination with animal models of diabetes.
MATERIALS AND METHODS
MC culture. Human MCs (HMC) belong to the Clonetics renal MC system and were purchased from Lonza (Walkersville, MD). MCs in a 75-cm 2 flask were cultured in normal glucose (5.6 mM; NG) DMEM (GIBCO, Carlsbad, CA) supplemented with 25 mM HEPES, 4 mM glutamine, 1.0 mM sodium pyruvate, 0.1 mM nonessential amino acids, 100 U/ml penicillin, 100 g/ml streptomycin, and 20% FBS. When MCs reached ϳ90% confluence, the cells were split into 60-mm cell culture plates for various treatments as specified in figure legends. For NG treatment, 20 mM ␣-mannitol was added to the media as an osmotic control. For HG treatment, the concentration of D-glucose was 25 mM. Cells were growth-arrested with 0.5% FBS media during treatments. Culture media was replaced with fresh media every other day. Only sub-passage 4 -9 MCs were used in the present study.
Transient transfection of human MCs. In Fig. 5 , E and F, small interfering (si) RNA against human Orai1 or scramble control siRNA were transiently transfected into human MCs using Lipofectamine and Plus reagent (Invitrogen-BRL, Carlsbad, CA) following the protocols provided by the manufacturer. Cells were harvested for Western blotting 72 h after transfection.
Western blotting. The whole-cell lysates, glomerular extracts, or renal cortical extracts were fractionated by 10% SDS-PAGE, transferred to polyvinylidene difluoride membranes, and probed with primary STIM1, Orai1, actin, and tubulin antibodies. Bound antibodies were visualized with Super Signal West Femto or Pico Luminol/ Enhancer Solution (Thermo Scientific, Rockford, IL). The specific protein bands were visualized and captured using the AlphaEase FC Imaging System (Alpha Innotech, San Leandro, CA). The integrated density value (IDV) of each band was measured by drawing a rectangle outlining the band using AlphaEase FC software with auto background subtraction. If a protein had double bands, a total IDV by summation of each band IDV was used, The expression levels of STIM1 and Orai1 proteins were quantified by normalization of the IDVs of those protein bands to that of actin bands on the same blot.
Quantitative real-time RT-PCR. Total RNA was isolated from cultured human MCs using a PerfectPure RNA cultured cell kit (5 Prime, Hamburg, Germany) following the manufacturer's protocol. All primers used in the present study were listed in Table 1 . The primers were synthesized by IDT (Coralville, IA). A total of 1.0 g RNA in a final volume of 20 l was used for RT reactions using an iScript cDNA synthesis kit (Bio-Rad, Hercules, CA) following the manufacturer's reaction protocol. A total of 0.2 g RT product and 100 nM primer was used for real-time PCR which was performed using iQ SYBR green supermix (Bio-Rad) in a final volume of 20 l. The PCR mix was denatured at 95°C for 10 min, followed by 45 cycles of melting at 95°C for 15 s, annealing at 57°C for 10 s, and elongation at 72°C for 15 s. After amplification, a melting curve analysis from 65 to 95°C with a heating rate of 0.02°C/s with a continuous fluorescence acquisition was made. The assay was run on a C1000 Thermal Cycler (Bio-Rad). The average C t (threshold cycle) of each fluorescence unit was used to analyze the mRNA levels. The STIM1, STIM2, and Orai1 mRNA levels were normalized by their corresponding ␤-actin mRNA levels. Quantification was calculated as follows: mRNA levels ϭ 2 ⌬Ct , where ⌬Ct ϭ Ct, STIM1 ]i) in MCs was performed using fura 2 fluorescence ratiometry as described elsewhere (81) . Briefly, MCs, grown on a coverslip (22 ϫ 22 mm), were loaded with 2 M acetoxymethyl ester of fura 2 (fura 2-AM) plus 0.018 g/dl Pluronic F-127 (Invitrogen, Grand Island, NY) for 50 min at room temperature followed by an additional 20-min incubation in fura 2-free physiological saline solution. The coverslip was then placed in a perfusion chamber (model RC-2OH, Warner Instruments, Hamden, CT) mounted on the stage of a Nikon Diaphot inverted microscope. Fura 2 fluorescence was monitored at 340-and 380-nm excitation wavelengths and at 510-nm emission wavelength using NIS Elements AR software (Nikon Instruments, Melville, NY) at room temperature. . Glass pipettes (plain, Fisher Scientific) with resistances of 3-5 M⍀ were prepared with a pipette puller and polisher (PP-830 and MF-830, respectively, Narishige, Tokyo, Japan). When the whole-cell configuration was achieved, cell capacitance and series resistance were immediately compensated. The whole-cell currents were continuously recorded at a holding potential of Ϫ80 mV until the end of each experiment (ϳ10 -15 min). Current traces were filtered at 1 kHz and analyzed off-line with Clampfit 9.2 (Axon Instruments). The compositions of the pipette solution were (in mM) 140 Cs-aspartate, 6 MgCl2, 10 BAPTA, 10 EGTA, and 10 HEPES. 1,4,5-Trisphosphate (IP3; 10 M) was included in the solution for depleting internal Ca 2ϩ stores (33, 44) . There were two type of bathing solutions: Ca 2ϩ solution and divalent-free solution (DVF). The compositions of the Ca 2ϩ solution were (in mM) 130 NaCl, 5 KCl, 10 CaCl2, 1 MgCl2, and 10 HEPES, and the compositions of the DVF solution were (in mM) 150 NaCl, 10 Na2EDTA, and 10 HEPES.
Animals. The study protocol was approved by the University of North Texas Health Science Center Institutional Animal Care and Use Committee. Two rat models of diabetes were used in this study. In the first, the streptozotocin (STZ)-type I diabetes model, a total of 12 male Sprague-Dawley rats at an age of 8 wk were purchased from Harlan (Indianapolis, IN). Diabetes (7 rats) was induced by intraperitoneal injection of STZ at 65 mg/kg body wt in sodium citrate buffer (0.01 M, pH 4.5) as we described previously (26, 46 ). An equivalent amount of sodium citrate buffer alone was used as a vehicle control (5 rats). Blood glucose levels were monitored 24 h later and periodically thereafter (LifeScan One Touch glucometer, Johnson&Johnson, Milpitas, CA) by rat-tailed blood sampling. STZ-injected rats with sustained elevation of blood glucose above 300 mg/dl were designated as diabetic rats. Four STZ-injected diabetic rats were euthanized at 2 wk after injection, and the remaining three were euthanized at 4 wk after injection. In the second model, the high-fat diet (HFD) plus STZ (HFD/STZ)-type II diabetes model (11, 24, 65, 75) , a total of 10 male Sprague-Dawley rats at an age of 6 wk were evenly and randomly distributed to two groups, one group fed with a low-fat diet (LFD), which served as controls, and the other group fed with a HFD. In the LFD, fat, protein, carbohydrates, and ethanol represent 10, 20, 67, and 1.8% of the total calories, respectively, while in the HFD, fat, protein, carbohydrates, and ethanol represent 44, 20, 34, and 1% of the total calories, respectively (Research Diets, Brunswick, NJ). In the HFD group, after 5 wk of HFD, the rats were given STZ at 35 mg/kg via the tail vein. Fifteen weeks later, when these HFD/STZ rats manifested overt type II diabetic phenotypes (Table 2) , all LFD and HFD/STZ rats were euthanized for biochemical assays. Isolation of renal cortex and glomeruli and extracting cortical and glomerular proteins. The protocol of isolating glomeruli was described elsewhere (57) with modifications. Briefly, rats were euthanized and both kidneys were quickly removed. The renal cortex was separated from the other region of kidney using a sharp blade, and the cortical tissue was minced using two sharp blades. For STZ-injected rats, glomeruli were isolated by differential sieving of minced renal cortex. Finely chopped kidney cortex in Hanks' balanced salt solution (pH 7.4) was pressed through sequentially smaller metal sieves and collected on a final sieve of 63-m pore size (minisieve set, Scienceware, Pequannock, NJ). Glomeruli were pelleted by centrifugation at 500 g for 10 min at 4°C (5810R, Eppendorf). We have previously shown that the purity of the glomerulus preparation was ϳ99% (26 followed by centrifugation at 20,817 g for 15 min at 4°C. The supernatants were collected for Western blotting.
MATERIALS. Cyclopiazonic acid (CPA) was purchased from Alomone Laboratories (Har Hotzvim Hi-Tech Park, Jerusalem, Israel). GSK-7975A was kindly donated by GSK (Stevenage, UK). The rabbit polyclonal anti-STIM1 antibody was purchased from ProteinTech (Chicago, IL). Orai1 antibody was purchased from Abcam (for rat tissues, Cambridge, MA) and Sigma (for human MCs, Sigma, St. Louis, MO). All other chemicals and antibodies were purchased from Sigma-Aldrich unless indicated. Statistical analysis. Data were reported as means Ϯ SE. One-way ANOVA plus Student-Newman-Keuls post hoc analysis and Student's unpaired t-test were used to analyze the differences among multiple groups and between two groups, respectively. P Ͻ 0.05 was considered statistically significant. Statistical analysis was performed using SigmaStat (Jandel Scientific, San Rafael, CA).
RESULTS

SOCE in HMCs was enhanced by prolonged HG treatment.
In HMCs cultured in NG and HG at different time periods, we measured the fura 2 fluorescence-indicated Ca 2ϩ entry response using a classic "Ca 2ϩ add-back" protocol described in our previous publications (15, 16, 26, 27) . CPA was used to activate SOCE. As shown in Fig. 1 , a Ca 2ϩ entry response was observed in both NG and HG cultured MCs upon readdition of 2 mM Ca 2ϩ to a Ca 2ϩ -free bathing solution. There was no difference in the CPA-induced SOCE between NG and HG treatments for the time periods of 1 and 3 days (Fig. 1, A, B , and E). However, this Ca 2ϩ entry response was significantly greater in the cells with 7-and 14-day HG treatments compared with NG treatment for the same time periods (Fig. 1, C-E) . The augmented response to 7-day HG treatment was completely abolished by GSK-7975A, a selective SOC inhibitor which directly acts on the pore region of SOC (2, 13, 25, 66) , verifying the Ca 2ϩ entry being mediated by SOC, i.e., SOCE in Fig. 1D . Furthermore, in the absence of CPA, readdition of 2 mM Ca 2ϩ also produced Ca 2ϩ entry in both NG and HG 7-day-treated HMCs (Fig. 1F) . However, the tonic Ca 2ϩ entry responses were much weaker compared with the responses in the presence of CPA (Fig. 1, F and C) and were not significantly different with NG and HG treatments (Fig. 1G) . These results suggest that prolonged HG treatment enhanced SOCE, but did not alter tonic Ca 2ϩ entry. SOC activity in HMCs was promoted by prolonged HG treatment. SOCE is mediated by SOC in the plasma membrane. Since chronic treatment with HG increased SOCE in MCs, we would expect a stimulatory effect on SOC by HG. As expected, whole-cell patch-clamp experiments showed that store-operated Ca 2ϩ currents were significantly augmented by HG treatment for 7 days, but not for 1 day (Fig. 2, A-E) . Because SOC is more conductive to monovalent cations over divalent cations (4, 5, 34, 62) , we also measured DVF currents in the cells with NG and HG treatments. As shown in Fig. 2 , A-D and F, the DVF currents were much more robust compared with Ca 2ϩ currents, a characteristic of SOC. Consistent with Ca 2ϩ current response, the DVF currents were significantly augmented by 7-day, but not 1-day HG treatment (Fig. 2, A-D and F) . Both the Ca 2ϩ and DVF current responses to the prolonged HG treatment were significantly inhibited by GSK-7975A (10 M), but not by DMSO, a vehicle control (Fig. 2G) . Furthermore, a low concentration of La 3ϩ can selectively block SOC (7, 8, 49, 77) . We examined how much currents were reduced by La 3ϩ (2 M) as an indication of SOC activity in NG-and HG reduced receptor-operated Ca 2ϩ entry in HMCs. In addition to SOC, we and others have demonstrated that receptor operated Ca 2ϩ channels (ROC) or canonical transient receptor potential channels (TRPC) also participate in Ca 2ϩ signaling in MCs (16, 47, 58, 72) . To be distinguished from SOC, ROC is defined as the channel activated by the G protein-coupled receptor signaling pathway through a mechanism bypassing the IP 3 -induced internal Ca 2ϩ store depletion. It has been debated for ϳ20 years whether the HG-impaired Ca 2ϩ response in MCs was mediated by SOC or ROC (23, 26, 27, 52, 58, 71). To dissect SOCE from receptor-operated Ca 2ϩ entry (ROCE) in response to HG treatment, we performed an additional Ca 2ϩ imaging study in which HMCs with NG or HG treatment for 7 days were incubated with CPA (25 M) for ϳ7 min to deplete the internal Ca 2ϩ stores (activation of SOC). As described above, SOCE was estimated by the elevation of [Ca 2ϩ ] i upon switching the bathing solution from Ca 2ϩ -free to a 2 mM Ca 2ϩ solution. This was followed by addition of ANG II (1 M) to the bathing solution in the presence of CPA. Since the intracellular Ca 2ϩ stores had been depleted by CPA, the additional increase in [Ca 2ϩ ] i by ANG II would be attributed to ROCE. As shown in Fig. 3 , although SOCE was significantly greater in the MCs with 7-day HG treatment (consistent with Fig. 1 ), ROCE was significantly reduced. The contribution of ROCE to the additional response by ANG II was verified by an inhibitory effect of SKF96365 (an inhibitor of ROC) on the response (Fig. 3, C and D) . This ANG II-stimulated, SOCE- independent Ca 2ϩ response was also significantly attenuated by blocking voltage-gated Ca 2ϩ channels with diltiazem (31, 49) (Fig. 3, C and D) . Activation of voltage-gated Ca 2ϩ channels has been proposed as one mechanism in the ROCdependent Ca 2ϩ response because of membrane depolarization by Na ϩ influx through ROC (70, 83) . In summary, these results are consistent with the notion that the ANG II-induced Ca by gating SOC (45, 67) . Our previous study has also shown that STIM1 was required for activation of SOCE in HMCs (73) . Since HG-promoted SOCE in MCs was a chronic effect ( Figs. 1 and 2) , we thought that an increase in abundance of one or more key proteins in the SOCE pathway, such as STIM1, contributed to the HG effect. Thereby, Western blotting was performed to determine the HG effect on STIM1 protein expression in cultured HMCs. As shown in Fig. 4 , the expression level of STIM1 was remarkably increased by HG treatment. In agreement with the results from functional studies ( Figs. 1 and 2) , the HG effect on STIM1 expression was also a chronic process, and a minimum of 7 days was required for a significant increase (Fig. 4, A and C) . We also examined the STIM1 response to different concentrations of glucose and showed that a concentration of 10 mM was sufficient to significantly increase STIM1 protein expression (Fig. 4, B and  D) . Although there was a trend toward an increase in STIM1 protein expression with increases in concentrations of glucose, no significant difference in STIM1 expression levels was observed among different concentrations of glucose in a range of 10 -30 mM (Fig. 4, B and D) . HG increased Orai1 protein expression in cultured HMCs. Orai1 is the pore-forming protein of SOC (12, 12, 80) . To determine whether HG-stimulated SOCE involved upregulation of Orai1 protein expression, Western blotting was performed in cultured HMCs. Orai1 protein was indicated by the two bands at sizes of ϳ37 and ϳ43 kDa (Fig. 5, A and B) , which was verified by knockdown of Orai1 using siRNA (Fig.  5, E and F) . Similar to the STIM1 response, HG significantly increased Orai1 protein level after an ϳ7-day treatment (Fig. 5,  A and C) , and a concentration of 10 mM was high enough to induce a significant increase (Fig. 5, B and D) .
To determine whether Orai1 contributed to the enhanced SOCE, we examined the effect of knocking down Orai1 using siRNA on the HG-enhanced Ca 2ϩ response. As shown in Fig.  5G , HG treatment for 7 days significantly increased SOCE and this enhanced response was abolished by Orai1-siRNA, but not by scrambled siRNA.
Diabetes increased abundance of STIM1 and Orai1 proteins in glomeruli and renal cortex. The in vitro effects of HG on expressions of the two key SOCE proteins in cultured MCs were further examined in intact animals. Several rat models of diabetes were used to detect the diabetic effect on STIM1 and Orai1 protein expression in glomeruli/cortex, where MCs are located. In STZ type I diabetic rats, the model we have used before (26) , the amount of STIM1 protein was dramatically increased in glomeruli from the rats 4 wk after STZ injection. Although glomerular STIM1 protein in the rats with 2 wk of STZ showed a tendency to increase, this response did not reach a significant level compared with nondiabetic control glomeruli (Fig. 6, A and B) . The upregulation of STIM1 protein by diabetes was further verified in the renal cortex of the rats with a HFD followed by STZ treatment (Fig. 6, C and D) , which is a well-established nongenetic type II diabetes model (11, 24, 65, 75) . As shown in Table 2 , these HFD/STZ rats manifested overt type II diabetic phenotypes, characterized by albuminuria, hyperlipidemia, hyperglycemia, and hyperinsulinemia.
In agreement with the STIM1 response to diabetes, Orai1 protein expression was also increased in the glomeruli from the rats with 4 wk of STZ treatment and in the renal cortex of rats with the HFD followed by STZ injection (Fig. 7) . occurred at the transcriptional or posttranscriptional level, we conducted quantitative real-time RT-PCR. Total RNA was isolated from MCs treated with 5.6 and 25 mM glucose for 1, 3, and 6 days. As shown in Fig. 8A , HG treatment for 6 days significantly increased the mRNA expression level of STIM1. The HG effect was specific because STIM2, which is another member of the STIM family and shares protein domain organization and biochemical features with STIM1 (85), did not change with HG treatment (Fig. 8B) . Different from the STIM1 response, Orai1 mRNA expression level did not increase at all with HG in a time period ranging from 1-day to 6-day treatment ( Fig. 8C) . These data suggest that HG and hyperglycemia in diabetes increased STIM1 protein expression by a positive regulation of STIM1 gene expression, but increased Orai1 protein expression through a posttranscriptional mechanism.
DISCUSSION
The HG effect on SOCE in MCs has been debated for over 20 years. In an earlier study by Mene et al. (52) , arginine vasopressin-induced Ca 2ϩ influx was significantly reduced in rat MCs treated with HG (30 mM) for 5 days (52) . Because this vasoconstrictor can release Ca 2ϩ from the ER via the classic Gq-coupled receptor pathway, the authors speculated that the impaired Ca 2ϩ response was due to a suppressed SOCE. However, their further data showing that the HG effect was mediated by protein kinase C, a mechanism bypassing internal Ca 2ϩ store depletion, contradicted with the SOCE mechanism. Several studies from other groups did not support SOCE as responsible for HG-induced impairment of the Ca 2ϩ response (23, 58) . For instance, Nutt and O'Neil (58) in a later study demonstrated that it was ROC, but not SOC that was respon- sible for a reduced Ca 2ϩ response to endothelin 1 in rat MCs treated with HG for 5-7 days. Their findings are consistent with our recent reports that HG reduced the abundance of TRPC6 (26, 27) , which is a well-known ROC (14) . The present study provided Ca 2ϩ imaging and electrophysiological evidence that HG enhanced SOCE in HMCs. This conclusion was further supported by biochemical data which showed a significant increase in the expression level of STIM1 and Orai1 proteins, two key components of the SOCE pathway (3, 32, 42, 45, 61, 63) . Importantly, there is a good time correlation between increases in the two-protein expression and enhancement of SOCE in response to HG, suggesting a STIM1/Orai1-dependent mechanism for HG-promoted SOCE in MCs.
Like in many other studies (23, 52, 53, 58) , HG-induced impairment of Ca 2ϩ signaling in MCs is a chronic process in a range from 2 to 7 days. In our case, a significant increase in SOCE and protein expression levels of STIM1/Orai1 occurred 7 days after HG treatment. The prolonged response indicates multiple intracellular processes are involved. Apparently, further exploration of the intermediators linking HG with SOCE would be important for delineating the molecular mechanisms for HG-promoted SOCE. Interestingly, our study suggests that the mechanism for the HG-induced STIM1 response is different from the mechanism mediating the Orai1 response. The STIM1 response was apparently attributed to elevated transcriptional activity, as indicated by a significant increase in mRNA expression level by HG treatment. Although the present study did not determine how HG activated STIM1 gene transcription, multiple transcription factors, such as NF-B and activated protein 1 (AP-1), which have been known to play a critical role in the development of DN (6, 28, 30, 36, 56, 82) , are speculated to be downstream molecules of the HG-signaling pathway. Particularly, NF-B has been reported to promote stim1 transcription by binding to its promoter region (17) . Different from STIM1, the Orai1 response to HG may be through a posttranscription mechanism because HG treatment did not change the steady-state level of Orai1 mRNA. Although the exact underlying mechanism is unknown from the present study, ubiquitination and lysosomal degradation of Orai1 have been reported recently (41) .
The pathological relevance of HG-regulated STIM1/Orai1 protein expressions was indicated by an increase in abundance of the two proteins in the renal glomeruli or cortex of both type I and II diabetic rats. While the pathogenesis of diabetes is different in type I and type II diabetes, the natural history of DN is similar. Thus it is not surprising that STIM1/Orai1 proteins had a consistent change in abundance in both type I and II diabetic rats. MCs play a critical role in the development of DN in both early and late stages of diabetes (37, 38, 40, 88) . A question raised from the ex vivo study is whether the increases in STIM1/Orai1 proteins were derived from the MC response. Although contributions from other cell types, such as podocytes, endothelial cells, and tubular epithelial cells (in renal cortex) cannot be ruled out, MCs constitute one-third of the glomerular cell population (54) , and thereby the changes in STIM1/Orai1 protein expression in MCs are expected to be detectable at the tissue level. Another question from the animal experiments is whether the increased STIM1/Orai1 proteins in diabetic kidneys were due to hyperglycemia. Indeed, hyperglycemia is the main determinant of initiation and progression of diabetic microvascular complications including nephropathy (29, 76) . In vitro and in vivo studies have demonstrated that HG or hyperglycemia directly stimulates MCs, which subsequently results in mesangial dysfunction or malfunction (40, 51, 52, 58, 84) . Combined with the data from cultured MCs and the fact that all diabetic rats used in the present study were hyperglycemic, we reason that the elevated cellular glucose level contributed, at least partially if not fully, to the STIM1/ Orai1 response.
In addition to the kidney, a recent study reported that STIM1/Orai1 protein expression levels were also upregulated in platelets isolated from patients with type II diabetes mellitus (86) , suggesting that diabetes may have a general effect on SOCE.
What is the physiological and pathological relevance of the enhancement of SOCE in diabetic MCs? Ca 2ϩ signaling in MCs involves multiple Ca 2ϩ channels, each of which may have a specified downstream pathway and thus have distinct functional consequences (47) . For instance, our previous study demonstrated that among four subtypes of TRPC channels endogenously expressed in MCs, HG/diabetes did not either alter (TRPC1, 3, and 4) or decrease (TRPC6) the abundance of TRPC proteins (26) . The downregulation of TRPC6 impairs the contractile function of MCs by attenuating the agoniststimulated Ca 2ϩ response, which may contribute to hyperfiltration at the early stage of diabetes (26) . Different from TRPC channel (likely function as ROC)-mediated Ca 2ϩ entry, SOCE is more related to sustained and chronic changes in cell function, such as gene transcription, cell proliferation, and apoptosis (59) . Recently, SOCE was found to contribute to cardiac hypertrophy (35, 79) , and STIM1-regulated Ca 2ϩ homeostasis is crucial for smooth muscle cell proliferation, development, and growth response to injury (50) . In contrast, SOCE constrains tuberous sclerosis complex-related tumor development in mice (60) . Thus the effect of SOCE on cell growth and protein synthesis may depend on cell types and downstream signaling pathways. Although the importance of SOCE in renal function and renal disease development has not been examined in the present study, it is certainly noteworthy to address this issue in the near future.
In summary, our findings from the present study imply that HG/diabetes enhanced SOCE in MCs by increasing STIM1/ Orai1 protein expressions. HG upregulates STIM1 by promoting its transcription, but increases Orai1 protein through a posttranscriptional mechanism.
